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A bame system for the elimination of first-order specular and diffuse reflection 
of  sunlight from the sunshade o f  a deep-space optical receiver telescope is pre- 
sented. This  baffle system consists o f  rings o f  0 .5cm blades spaced 2.5 c m  apart 
on the walls o f  GO hexagonal sunshade tubes that combine to form the telescope 
sunshade. T h e  s h a d o w  cast by the blades, walls, and rims of  the tubes prevent 
all first-order reflections o f  direct sunlight from reaching the primary mirror o f  the 
telescope. A reflection model o f  the sunshade without baffles is also presented for 
comparison. Since manufncturers o f  absorbing surfaces do not measure data near 
grazing incidence, the reflection properties at anticipated angles of  incidence must 
be characterized. A description ofreflection from matte surfaces in t e r m  of bidirec- 
tional reflection distribution function (BRDF) is presented along with a discussion 
o f  measuring BRDF near grazing incidence. 

I. Introduction 
A deep-space optical communications network is 

currently being designed with terrestrial receiving sta- 
tions [l]. Laser communication between deep-space probes 
and Earth stations has several advantages over radio fre- 
quency ( r f )  communication, including higher link capac- 
ity due to higher antenna gain (smaller divergence an- 
gle), smaller and lighter transmitter and receiver compo- 
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nents, and lower power requirements. The receiving sta- 
tions for the optical deep-space network presented in [l] 
are Cassegrain-type telescopes, each with primary mirrors 
composed of GO hexagonal segments. 

A deep-space optical communications system is not 
without difficulties, however. The nature of deep-space 
planetary missions often requires operation of the commu- 
nication link during times of solar conjunction with planets 
and,  therefore, the optical receiver must be able to  oper- 
ate a t  times when the Earth receiving station is pointed 
near the Sun. To permit reception a t  small angles of solar 
elongation, a sunshade composed of a honeycomb array of 
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hexagonally shaped tubes has been developed [2-41. The  
walls separating different tube chambers align with the 
gaps between hexagonal segments in  the primary mirror 
so that obscuration of the telescope for signal reception 
is not increased. The  dimensions of the sunshade tubes 
are chosen so tha t  direct sunlight is blocked from reaching 
the primary mirror when solar elongation angles are larger 
than 12 deg. 

Although the walls of the sunshade are given a black- 
mat te  finish t o  absorb sunlight, the surfaces still reflect 
0.1-1.0 percent of incident light [5]. Because the inci- 
dent sunlight can be very intense, even major reduction 
by absorption permits an appreciable level of stray light 
reflected from the sunshade walls and primary mirror to  be 
detected along with the communication signal. High da ta  
rates for communication require low levels of background 
light a t  the detector. Therefore, a baffle system has been 
designed to block the first-order reflection of direct sun-  
light from the sunshade walls and keep it from reaching 
primary mirror segments. This design blocks both specu- 
lar and diffuse reflections of direct sunlight for solar elon- 
gation angles greater than 12 deg. Blue sky scattered light 
is relatively unaffected and is left t o  be filtered by other 
means [6]. 

There are several constraints on the implementation of 
a baffle system for the reduction of stray light. Ideally, 
the baffles should not appreciably increase the obscura- 
tion of the telescope. Therefore, the distance that  the baf- 
fle blades extend from the sunshade walls should be small. 
In the design presented here, blade lengths are limited t o  
0.5 cm to  match the separation between primary mirror 
segments so telescope obscuration is not increased. This  
0.5-cm length results in spacings of 2.5 cm between blade 
rings or, for a nominal sunshade tube height of 5 m,  a 
requirement of 200 baffle rings. Because the expense of 
manufacturing 60 hexagonal sunshade tubes with 200 baf- 
fle rings each is appreciable, a method of estimating the 
improvement provided by the baffle system is desirable. 
For this reason, a model of the reflection of sunlight from 
the sunshade without bafRes is required. 

In the remainder of this article, a bame system designed 
to block first-order reflection of sunlight is presented with 
specific design requirements set out in Section 11. The  re- 
flection properties of black-matte surfaces in terms of bidi- 
rectional reflection distribution function (BRDF) and de- 
tected stray sunlight from the sunshade walls is presented 
in Section 111. The measurement of BRDF near grazing in- 
cidence is presented in Section IV,  and concluding remarks 
are given in Section V.  

II. Baffle System Design 
Baffle systems have been widely used t o  reduce stray 

light from the walls of telescopes [7]. A baffle system 
designed to  prevent first-order specular reflections from 
reaching the primary mirror of the deep-space optical re- 
ceiver antenna (DSORA) telescope is shown in Fig. 1. 
The  separation between baffle blades results in a shadow- 
casting structure described as 

hb A h  = - 
W 

where h is height of the tube, w is the distance to the 
opposite wall of tlie hexagonal tube, and b is the length of 
a baffle blade. This geometry was chosen to  keep the bame 
blade lengths identical as well as small, so that obscuration 
of tlie primary mirror by the baffle blades is minimized. If 

where 1 is the thickness of the tube wall and s is the 
width of the spacing between hexagonal primary mirror 
segments, the baffle system presents no obscuration to the 
primary mirror when the telescope is pointed directly a t  
the spacecraft. The baffle system is symmetrical about the 
midpoint along the height of each t.ube. 

To show that the spacing between blades is constant 
for a given height and width of the sunshade tube, let 
z be the height of a reflection point for the ray shown 
in Fig. 2 with I 1  and / 2 ,  as shown in  this figure. Lines 
ABC and CDE define the shadow regions on the tube wall 
and bottom aperture tha t  block light from reaching the 
primary mirror. By similar triangles 

and 

the spacing between blades is given as 

(3) 

(4) 

(5) 

Direct sunlight incident on the sunshade walls a t  angles 
greater than O h / 2  is restricted to  the top half of the tube by 
the shadow defined by the top edge of the tube,  as shown 
in Fig. 3. Specular reflections are blocked by the opposite 
wall, as shown by ray FGHI in the figure. Since the coating 
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on the wall absorbs 99 to 99.9 percent of the incident light 
a t  each reflection, light reflected from the second bounce 
is reduced 4 to B orders of magnitude below the incident 
sunlight intensity. Diffuse light is blocked by the shadow 
of the lower blade, as sliown by the shaded area in  Fig. 3. 
The tube wall between the upper blade and point €1 is 
always in the shadow of the top r i m  of the tube and the 
upper blade, so n o  reflection occurs in this region. 

Direct sunlight rays incident on tlie sunsliade walls at 
angles less than Oh,? may reflect from either the top or 
bottom half of the sunshade tube. Figure 4 represents light 
reflections a t  angles less than 0,,12. Specular reflections are 
blocked from reacliing t.he primary mirror as shown hy ray 
J I iLhl  and diffuse reflections are blocked by the shadow 
of tlie lower blade. Again, the region between tlie upper 
blade and I< is always in the shadow of the top rim of the 
tube and the upper blade. 

111. Reflection Properties of Matte Surfaces 
To quantify tlie reflected sunlight that  reaches the pri- 

mary mirror if no bame system is used, the interaction of 
light with reflecting surfaces is first defined in radiometric 
terms. The total radiant fl i ts  illuminating aperture S,, 
from a reflecting surface s b  is given as 

where Ob is the angle between the normal to the sunshade 
wall and the ray path between an arbitrary reflection point 
and an arbitrary point i n  the aperture S,,,, On, is llie angle 
between the normal of S, and the ray path,  and r1? is the 
length of tlie ray path [8]. Tlie value is tlie radioinet- 
ric flux of the light through tlie observation aperture S,, 
while L ,  is tlie radiance of the light reflected. 

Often, reflecting surfaces are characterized by tlieir 
BRDF,  which relates the angular reflection spectrum of 
a uniform surface to the angle of iticiclelit liglit and is de- 
fined as 

where Ob is the angle Ixtween the dircction of observa- 
tion and the surface normal and 0,  is the angle I,etrveen 
the direction of incident liglit propagation and the surface 
normal [O]. The  value L,.(O') is tlie reflected radiance a t  
the angle of observation, n.liile E,(O,) is the irradiance of 
the reflecting surface and is given hy 

€or uniform plane wave illumination of a planar surface of 
area Ab. The radiometric flux at the observation aperture 
from Eq. (6) can be expressed in terms of the  BRDF of 
tlie surface as 

for plane wave illuniination of the reflecting surface. 

For a given sunshade wall and a primary mirror aper- 
ture perpendicular to the wall, as shown in Fig. 5, tlie 
reflecting surface coordinates are defined as xb and Y b  for 
the plane t = 0 and tlie aperture coordinates are defined 
as x , , ~  and z,,~ for the plane y = 0. Using this geometry, 
the ratio of out,put to input flux is given as 

For rectangular illumination of a wall and a rectangu- 
lar primary mirror aperture, this equation can be solved 
exactly i n  closed form for a uniform (Lainhertian) BRDF 
using software tools such as Matlrematica [IO]. For non- 
Lainl,ert,ian BRDFs and more complicated boundaries of 
s b  and s,, due to Iiexagonal apertures (or others) and 
associated shadow geometries, a numerical solution is re- 
quired. Since BRDF da ta  near grazing incidence are not 
available, they must be measured before reliable estimates 
of stray light reflections can be simulated. 

IV. Measuring BRDF 
The evaluation software for stray light in optical sys- 

tems referred to i i i  Sect ion I11 generally requires informa- 
tion about the reflective properties of surfaces i n  the sys- 
t e m .  For example, lenses can have antireflection coatings 
lliat are characterized by a given BRDF, sometmimes as- 
sumed to be Lambertian. These surfaces begiti to become 
specular at, angles of incidence greater t.lian GO deg [ 5 ] .  
Tlie BRDF Incasuremetit a t  angles of incidence greater 
tliair GO deg is seldom required because baffles are usually 
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used to handle stray-light reflections in this regime. Fur- 
thermore, near grazing incidence is difficult to measure, as 
will be shown in this section. 

A technique for measuring the BRDF of a surface is 
based on the relationship shown in Eq. (9). If the dimen- 
sions of the illuminated surface sb are small compared to  
r12 and if the dimensions of the photodetector are also 
small compared to rI2 ,  then Eq.  (9) can be approximated 
as 

@ p i  COS 8 h  COS #,A,AbBRDF(B;, e b )  

A h F ; 2  
Q)m(ei,e,, rl?)  = 

(11) 

where Flz is the distance between the center of the illumi- 
nated sample region and the center of the photodetector, 
and Ob and e, are the values of o b  and em, respectively, 
for an observation line between the centers of sb and s,. 
The maximum error in approximating ~ 1 2  % r 1 z  is 

where W is the diameter of the incident probe beam. The  
maximum error in approximating o b  z 8 b  is 

As long as r12  and O b  are approximatcly constant, the 
BRDF can be calculated from Eq. (11) as 

If the dimensions of the illuminated reflecting surface are 
small, the actual area .4b becomes irrelevant. For a BRDF 
rrreasurernent configuration, it is desirable to maintain 
the detector surface normal to  the line of sight, so that 
cos 0, = 1. 

- 

Estimating BRDF from Eq. (14) is straightforward. 
The input flux @, for a given angle of incidence is control- 
lable and can be monitored concurrently with the mea- 
surement of the flux incident on the photodetector @,. 
The angle of observation from the reflecting surface e b  can 
be controlled by the position of the photodetector, as can 
the observation distance p 1 2 .  The area of the photode- 
tector S, is constant. For illumination of the reflecting 
surface near normal incidence, dimensions of the surface 
are of the same order of magnitude as the dimensions of 
a collimated illuminating beam, making the conditions for 
the approximation in Eq. (11) relatively easy to meet. 

Near grazing incidence, one dimension of the spot on 
the reflecting surface is substantially increased, as shown 
in Fig. 6. At 0; = 85 deg, the width of the illuminated 
surface is 11.5 times the width of the incident collimated 
beam. At Bi = 87 deg, it is 19.1 times the  incident beam 
width, and a t  Q i  = 89 deg, the spot width on the surface 
is 57.3 times the incident beam width. A trade-off exists 
between maximizing the detected power for a given inci- 
dent light flux and minimizing the approximation errors 
for ~ 1 2  and o b  for a given probe beam flux. Lengthen- 
ing F12 reduces the error, but also reduces the detected 
power for a given detector area due to beam expansion. 
Absorption loss at the reflecting surface of 2-3 orders of 
magnitude and large p12 requirements must be cornpen- 
sated by a substantial probe beam power for measurement 
of BRDF at near grazing incidence. 

V. Conclusion 
The design for a baffle system that  can be used as a 

sunshade for a terrestrial deep-space optical receiving tele- 
scope has been presented. The  system has been designed so 
that the baflle rings are relatively low profile and do not in- 
crease obscuration of the segmented primary mirror. Since 
approximately 200 baffle rings will be required in each of 
the GO hexagonally shaped sunshade tubes, a basic reflec- 
tion model for a sunshade without bafnes has also been 
presented to determine cost-benefit trade-offs. Using sim- 
ple geometries, a n  exact analysis can be performed wit,h 
symbolic manipulating software to find a closed form esti- 
mate of reflected sunlight flux through the primary mirror 
aperture, or it may be performed numerically using more 
complicated geometries. The  model has been presented in 
terms of BRDF of the surface and,  therefore, a method for 
measuring BRDF near grazing incidence has been included. 
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Fig. 1. Geometry for baffling to sunlight 
reflection from sunshade walls. 
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Fig. 3. Direct sunlight incident at large angles 
lo the sunshade wall. 

Fig. 4. Low-angle direct sunlight incidence 
on sunshade tube wall. 
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Fig. 5. Geometry for simple planar wall of the 
sunshade tube and perpendicular aperture. 

TECTOR 

Fig. 6. Illuminated area at near grazing incidence. 
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